A Gram-staining-negative, oxidase-and catalase-positive, non-motile, aerobic and rod-shaped bacterium producing white colonies, PAMC 20958 T , was isolated from a marine sediment of the Arctic. PAMC 20958 T grew at 10-27 8C (optimally at 21 8C), at pH 5.5-9.5 (optimally at pH 7.0-7.5) and in the presence of 0.5-7.5 % (w/v) (optimally at 2.0 %) NaCl. The genus Halocynthiibacter (Kim et al., 2014) is a part of the order Rhodobacterales in the class Alphaproteobacteria, which is one of the major phylogenetic groups in marine environments (Giovannoni & Rappé, 2000) . The genus Halocynthiibacter was described on the basis of a single species, Halocynthiibacter namhaensis, which was isolated from a sea squirt (Halocynthia roretzi) sample collected from the South Sea, Korea (Kim et al., 2014). At the time of writing, the genus Halocynthiibacter accommodates one species and is characterized as being Gram-staining-negative, nonmotile with rod-shaped cells, containing Q-10 as the major respiratory quinone and phosphatidylglycerol, phosphatidylcholine and aminolipids as the major polar lipids, and the DNA G+C content of the type strain of the type species is 52.9 mol%. In the present study, strain PAMC 20958 T , isolated from a marine sediment of the Arctic, is described and proposed to represent a novel species of the genus Halocynthiibacter on the basis of a polyphasic characterization.
A Gram-staining-negative, oxidase-and catalase-positive, non-motile, aerobic and rod-shaped bacterium producing white colonies, PAMC 20958 T , was isolated from a marine sediment of the Arctic. PAMC 20958 T grew at 10-27 8C (optimally at 21 8C), at pH 5.5-9.5 (optimally at pH 7.0-7.5) and in the presence of 0.5-7.5 % (w/v) (optimally at 2.0 %) NaCl. PAMC 20958 T showed 97.5 % 16S rRNA gene sequence similarity with Halocynthiibacter namhaensis KCTC 32362 T and formed a robust phylogenetic clade with this species. The average nucleotide identity value between strain PAMC 20958 T and H. namhaensis KCTC 32362 T was 79.7 % and the genome-to-genome distance was 13.0 % on average. The genomic DNA G+C content calculated from the genome sequence was 53.2 mol%. The major fatty acids were C 18 : 1 v7c and/or C 18 : 1 v6c. The major respiratory isoprenoid quinone was ubiquinone-10 (Q-10) and major polar lipids were phosphatidylcholine, phosphatidylglycerol, an unidentified aminolipid and two unidentified lipids. On the basis of phylogenetic analysis and genotypic and phenotypic data obtained in this study, it is concluded that strain PAMC 20958 T (5KCTC 42129 T 5JCM 30530 T ) represents the type strain of a novel species of the genus Halocynthiibacter, for which the name Halocynthiibacter arcticus sp. nov. is proposed.
The genus Halocynthiibacter (Kim et al., 2014 ) is a part of the order Rhodobacterales in the class Alphaproteobacteria, which is one of the major phylogenetic groups in marine environments (Giovannoni & Rappé, 2000) . The genus Halocynthiibacter was described on the basis of a single species, Halocynthiibacter namhaensis, which was isolated from a sea squirt (Halocynthia roretzi) sample collected from the South Sea, Korea (Kim et al., 2014) . At the time of writing, the genus Halocynthiibacter accommodates one species and is characterized as being Gram-staining-negative, nonmotile with rod-shaped cells, containing Q-10 as the major respiratory quinone and phosphatidylglycerol, phosphatidylcholine and aminolipids as the major polar lipids, and the DNA G+C content of the type strain of the type species is 52.9 mol%. In the present study, strain PAMC 20958 T , isolated from a marine sediment of the Arctic, is described and proposed to represent a novel species of the genus Halocynthiibacter on the basis of a polyphasic characterization.
Strain PAMC 20958
T was isolated from a sediment sample collected from the coast of Svalbard in the Arctic (788 559 N 118 539 E). The sediment sample was suspended in 20 % (v/v) glycerol and preserved at 280 8C until use. PAMC 20958 T was isolated by using a standard dilution plating method on ZoBell agar containing 15 g bacto agar, 5 g bacto peptone, 1 g yeast extract and 0.1 g ferric citrate in 1 l of 0.2 mm filtered seawater and incubating the plate at 10 8C for 12 days. After determination of the optimum growth temperature, PAMC 20958 T was maintained routinely on marine agar (MA; BD Difco) or in marine broth (MB; BD Difco) at 20 8C and preserved as glycerol suspensions (20 % in distilled water, v/v) at 280 8C. Reference strain H. namhaensis KCTC 32362 T was obtained from the Korean Collection for Type Cultures (KCTC) and was maintained routinely on MA at 20 8C.
For 16S rRNA gene sequencing, genomic DNA was extracted using a DNeasy Blood & Tissue kit (Qiagen) according to the manufacturer's instructions. The 16S rRNA gene was amplified and sequenced as described by Cho & Giovannoni (2004) . The resulting 16S rRNA gene sequence of strain PAMC 20958
T was compared with sequences available in GenBank by BLAST (Altschul et al., 1997) and analysed using the EzTaxon-e database (Kim et al., 2012 T was aligned with those of its closest relatives using the RDPII online aligner (Cole et al., 2014) . Phylogenetic trees were reconstructed using neighbour-joining (Saitou & Nei, 1987) with the Jukes-Cantor distance (Jukes & Cantor, 1969) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) methods using the MEGA6 program (Tamura et al., 2013) . The robustness of the phylogenetic trees generated by the three tree-making algorithms was confirmed by bootstrap analyses based on 1000 random resamplings of the sequences. In three phylogenetic trees, PAMC 20958
T and H. namhaensis of the genus Halocynthiibacter formed a monophyletic clade with high bootstrap values ($97 %), indicating that this strain represented a member of the genus Halocynthiibacter (Fig. 1 ).
Genome relatedness between PAMC 20958 T and H. namhaensis KCTC 32362
T was investigated by wholegenome sequencing. Total genomic DNA was extracted using a DNeasy Blood & Tissue kit (Qiagen) according to the manufacturer's instructions and genome sequencing was performed using the MiSeq sequencer system (Illumina) at Chun Lab (Seoul, Korea). The average nucleotide identity (ANI) value following the BLAST-based ANI calculation method described by Goris et al. (2007) and the genome-to-genome distance calculation (GGDC) method described by Auch et al. (2010) was calculated. The details of draft genomes for the two strains, PAMC 20958
T and H. namhaensis KCTC 32362 T , are summarized in Table  S1 (available in the online Supplementary Material) and they are available under the accession numbers JWIE00000000 and JWIF00000000, respectively in NCBI. The ANI value calculated by estimation of the degree of pairwise genome-based relatedness between PAMC 20958
T and H. namhaensis KCTC 32362 T was 79.7 %, and this level is well below the ANI cut-off values (95-96 %) proposed for delineating bacterial species (Goris et al., 2007; Richter & Rosselló -Mó ra, 2009 (5, 11, 14, 18, 21, 24, 27, 30, 33, 36, 40 and 45 8C) . Growth with 0-5 % NaCl (at intervals of 0.5 %, w/v) and 5.0-15.0 % NaCl (at intervals of 2.5 %, w/v) was determined in NaCl-free artificial seawater (ASW) medium (Choo et al. 2007 ) amended with 0.5 % peptone and 0.1 % yeast extract. The increase in turbidity of each culture was monitored by spectrophotometry (EnVision plate reader; PerkinElmer) every 24 h for 2 weeks. The pH range and optimum for growth were determined at pH 5.0-10.0 (at intervals of 0.5 pH units) in ASW amended with 0.5 % peptone, 0.1 % yeast extract and 0.05 M final concentration of the following buffers to control the pH: MES pH 5.0-6.0, MOPS pH 6.5-7.0, HEPES pH 7.5-8.0, Tris pH 8.5-9.0 and CHES pH 9.5-10.0. Cell morphology and cell size were examined using transmission electron microscopy (TEM) (CM200; Phillips) using negative staining with 2.0 % uranyl acetate on a carbon-coated copper grid. The cellular motility was observed in wet mounts using the hanging drop method. Gram staining was performed using a Gram-staining kit (Sigma). Production of H 2 S was investigated using triple-sugar iron agar (BD Difco) supplemented with 1.5 % NaCl. Hydrolysis of Tweens 20, 40, 60 and 80 (each 1 %, v/v) was tested using MA supplemented with each component according to the method of Smibert & Krieg (1994) . Hydrolysis of colloidal chitin (0.5 %, w/v), CM-cellulose (0.2 %, w/v) and starch (0.2 %, w/v) was determined on the basis of the formation of clear zones around colonies after applying suitable staining solutions (Tindall et al., 2007) . Degradation of DNA was evaluated using DNase test agar (BD Difco). Decomposition of hypoxanthine and xanthine (each 1 %, w/v) was tested using MA supplemented with each component according to the protocol of Gordon et al. (1974) . Growth under anaerobic conditions was examined by using the MGC anaerobic system (Mitsubishi Gas Chemical) for 2 weeks on MA. Other biochemical tests were performed using API 20NE, API ZYM and API 50CH test strips (bioMérieux) using bacterial suspensions in an artificial seawater medium (Lyman & Fleming, 1940) . Susceptibility to antimicrobial agents was determined using the disc diffusion method (Jorgensen et al., 1999) , with cells incubated on MA at 20 8C for 4 days with the following antibiotic discs (Oxoid) (mg per disc): ampicillin (10), chloramphenicol (30), erythromycin (15), gentamicin (10), kanamycin (30), nalidixic acid (30), rifampicin (30), tetracycline (30) and vancomycin (30). PAMC 20958 T was found to be aerobic, Gram-staining-negative and nonmotile with rod-shaped cells (0.8-1.561.5-3.0 mm) (Fig.  S1 ). Hydrolysis of Tweens 40, 60 and 80 was determined to be positive. Physiological, morphological and biochemical characteristics are summarized in The fatty acid methyl esters of PAMC 20958 T and H. namhaensis KCTC 32362 T were extracted from cultures grown on MA at 20 8C to the late exponential phase (3 days) and were determined using the Sherlock Microbial Identification System version 6.2 with the TSBA6 database (MIDI), according to the manufacturer's instructions.
The major cellular fatty acids in strain PAMC 20958 T were summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c; 84.5 %, Table S2 ), which were similar to those of H. namhaensis KCTC 32362 T .
The isoprenoid quinones extracted according to the method described by Minnikin et al. (1984) were separated
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by TLC and the quinone spots were analysed by using HPLC at MicroID (Daejon, Korea) (Komagata & Suzuki, 1987) . The respiratory quinone detected in PAMC 20958
T was Q-10, the major quinone generally observed in members of the family Rhodobacteraceae (Liu et al., 2012) . Polar lipids of PAMC 20958 T were extracted from lyophilized bacterial cells and examined using two dimensional TLC followed by detection with the reagents molybdatophosphoric acid, ninhydrin, molybdenum blue, anaphthol, Dragendorff's solution and Schiff's solution (Minnikin et al., 1984) . The polar lipids found in PAMC 20958 T were phosphatidylcholine, phosphatidylglycerol, an unidentified aminolipid and two unidentified lipids (Fig. S2) . The polar lipids of PAMC 20958
T were similar to those of H. namhaensis KCTC 32362 T obtained by Kim et al. (2014) , in that they both contained phosphatidylcholine, phosphatidylglycerol and an unidentified aminolipid, while one unidentified aminophospholipid, three unidentified phospholipids and one unidentified lipid detected only in H. namhaensis KCTC 32362 T were the major differences.
In conclusion, PAMC 20958 T formed a well-supported phylogenetic clade with H. namhaensis KCTC 32362 T (Fig. 1) . The DNA G+C content, isoprenoid quinone composition, major fatty acid and polar lipid profiles of PAMC 20958
T were similar to those of H. namhaensis KCTC 32362
T . However, phenotypic and genotypic characteristics differentiated PAMC 20958
T from the only species of the genus Halocynthiibacter with a validly published name, H. namhaensis. Therefore, PAMC 20958 T should be classified as representing a novel species within the genus Halocynthiibacter, for which the name Halocynthiibacter arcticus sp. nov. is proposed.
Description of Halocynthiibacter arcticus sp. nov.
Halocynthiibacter arcticus (arc9ti.cus. L. masc. adj. arcticus northern, Arctic, referring to the geographical area from which the strain was isolated).
Cells are Gram-staining-negative, aerobic, non-motile and non-gliding. Cells are rod-shaped (0.8-1.5|1.5-3.0 mm). After 3 days of incubation on MA at 21 uC, colonies are circular, white, convex, smooth, shiny, have entire margins and are approximately 0.5-1.0 mm in diameter. Growth occurs at 10-27 uC (optimum 21 uC), pH 5.5-9.5 (optimum pH 7.0-7.5) and 0.5-7.5 % (w/v) NaCl (optimum 2.0 %). Oxidase and catalase are produced and Tweens 40, 60 and 80 are hydrolysed, but starch, hypoxanthine, xanthine, Tween 20 and DNA are not hydrolysed. Positive for aesculin hydrolysis and PNPG (b-galactosidase), but negative for H 2 S production, nitrate reduction, indole production, glucose fermentation, arginine dihydrolase, urease and gelatin liquefaction. Positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-glucosidase, but negative for lipase (C14), valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, b-glucosidase, N-acetyl-bglucosaminidase, a-mannosidase and a-fucosidase. 
Characteristic 1 2
Temperature range for growth (optimum) (8C) 10-27 (21) 4-30 (25)* pH range (optimal pH) 5.5-9.5 (7.0-7.5) 6.5-7.5 (7.0-7.5)* NaCl requirement (optimum) (%) 0.5-7.5 (2.0) 0.5-4.0 (2.0)* Hydrolysis of Tweens 60 and 80 + 2 Enzyme activities (API ZYM) Esterase (C4), a-glucosidase + 2 Acid production from (API 50CH):
Glycerol, D-arabinose, D-ribose, sucrose, D-fucose + 2 DNA G+C content (mol%) 53.2 52.7 *Data were taken from Kim et al. (2014) .
the coast of Svalbard, in the Arctic. The genomic DNA G+C content of the type strain is 53.2 mol%.
